DECLARATION OF Neai CHUNG Tai-Shung 
Relating to U.S. Patent Application 10/710,869 Filed 14 November 2003 

1 . I hereby declare that all ^atemente made herein of my owm knowledge are 
true and that all s^ements rnade on infonnation and iseilef are l^eileved to 
be true; and further that these statements were made with the laiowledge 
that willfui false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of TrtJe 18 of the United States 

. Code and that such wilKul false statements may jeopardize the validity of 
tiie applfcatbn or any patent issued thereon. 

2. I am a named inventor for the patent application 10/713»869 filed 14 
November 2003, entltied Poiyimide Membranes nhe AppKcatton") and 
as such have knowledge of the facts contained herein. 

3. I am a Profes^r at the Department of Chemical and Environmental 
. Engineering Department at the National University of Singapore. I 

specialize in membrane science and engineering, and in parUoilar, 
llquid/gas/pharmaceutical separation and high performance polymCTs. My 
curriculum \flta is enclosed in APPENDIX 1 of this Declaration. 

4. I haw reviewed the document WO99/40996 ("Document D1"). Document 
D1 teaches a process for forming selective composite membranes. The 
process comprises providing an asymmetric membrane base having pores 
in at least the upper layer thereof, and exposing the porous membrane 
base to a coating solutfon. The membrane base can be a poiyimide 
membrane. The coating solution comprises polymers and/or oligomers 
which forms a selective barrier coating on the surface of the membrane 
base and on ttie surfaces of ttie pores wrttiin tfie membrane base. 
Crosslinking agents such as non-polymeric or oHgomeric pofyhjncfional 
compounds can be added to the coating solutton to cros^ink the polym^ 
and/or oligomers in the soluUon. 

5. The process for treating a membrane being comprised of poiyimide, as 
defined by the claims of the Applteatkm, i^ovkles a treated poiyimide 
membrane having high selectivity and high gas pemneability which is 
suitable for use as a gas separation membrane or as a pervaporatbn 
membrane. The process comprises the steps of (a) directly exposing the 
poiyimide to a dendrimer in a solvent and (b) maintaining said solvent 
containing said exposed poiyimkie and said dendrimer at a t^p^rature 
less than lOCC and for a time to albw the dendrimer to crosslink the 
poiyimide and thereby fonti ttie treated poiyimide membrane having the 
above-outfined properties. 

6. The feature of directly exposing ttie membrane of the type used in gas 
separation or penraporation, ttie membrane being comprised of poiyimide, 
. to a dendrimer (i.e.. crosslinl(ing agent) as defined by tiie claims of the 
Application is not taught nor suggested at all in Documerrt D1. 

7. Furthemiore, the process, as defined by the claims of the Application, 
resulte. in surface modification (i.e., only the surface of ttie membrane is 



CTOSslinked) of the polylmide membrane, and not the fonnation of a 
separate selective banier coating on the pofjflmide membrane base as 
taught in Oocum^t D1 . 

8. It stouW be noted that lit tfie process of Document D1. the membrane 
base has to. be a porous as^metric membrane base, which when freated, 
Is suitable tor use as a Reverae Oanosis (RO) membrane. Nano-filtration 
(NF) membrane. Ulfra-fiRration (UF) membrane or Electrodialysis (ED> 
membranp. Such m^nbranes are generally employed for the separation 
of liquid mb^reis and are not suitable separating gas mixtures In View 
of th^r pore sizes. For Instance, the pore sbbs of RO; NF and W 
membranes are IjplGally 0.7nm. 1-10nm and 20-2000 nm respectively, 
vi^rdh ane too large for gas separation or pervaporation puiposes. 
Aocoidih£^i, the feature of the membrane of the type used in gas 
separatton or pervaporation, the membrane being comprised of polyimitfe, 
is ateo not taught nor suggested at all irv Document Dl . 

9. In my view. Document 01 <}oes not disctose each ahd evety essential 
feature of the dalnre of ttie AppBqatlon. Claims 1 , 4, 6, 8 to 1 5, it, 29 and 
30, In iBieircM«©nt.foraiis, are tfierefbre novel over the Do(^ 

10. Tha direct &qpmm of tfie meinbrane of the type used in gas separatiori 
or pervapdraaon, thd membrane boing comprised of polyimlde. to a 
dendrimw iiinder the defined^ conditions .resuffis in treated poiylrriide 
membrane haivihg high gas permoabillty sutkI Wgh- s6|ecttv^.. as can bisi 
seen in ©camples 1 to3 on pages of flie^ptteatlon. 

1 1. Although aosslinkihg can rhodify file pol)^mide membrane to rfesiilt in 
improved selec^^rf]^,. it <^n al«> result In densification of the membrarie 
whldi in turn MMees. i^m^&ablflty. As gas separation ;membraniss or 
pervaporation membranes are generally of a dense sfrUctuN, tfe 

. dehdrirnor cartriot penetrate deep Into the membriane stnu^ure and the 
<aioss|inklng reaistion is therefore limited to Sie surface of the membrane. 
Acebcdlngiy, fie bfilk of the membrane strtickire . bekjw the erossflnked 
nienibrane surface remains unmddffled or uhdenslfied. The poi^mide 
membranes treated vvitti the process as defined by the claims of ifte 
Application theretore have a high seiec^^ 

12. The technical advanteges outlined In Statements 16 arid 11 above 
«esuiang trorh the pfoces^ ^is denned by ttie clalnrts of the AjiplioaWon ar& 
ndt taught hpr 6Mg0e^ ^ 

f ai^.As miBh«oi*Bd M Sl^mept 6 abovev Document Dl doe6 fiot teaoh A 
prbc«s§ for treeing a rhembrane of the tj^ used Jn gas separattoii or 
jj^appr^tion, the niembrane being coniprised of pply^rtde, as. if is an 
fisseniial requlnemertt in the process of Document Di lhat mernbrano 
Ijase be pomus. Furthenwre, Docurnent Dl also does not suggest t^^ 
use of the selective composite rnembranes hi the separation of gas 
mixtures or In p^poratlon. In my view, a sldlled teehpidan who is 
lOTOvtfledgeable jn iho .fleld of rriembraije technology, .would not i>e rfeadlly 
»npiiy^dl0 tty .ortinder^hd that the pn^^ 



D1 can be applied to a membrane of the type used in gas sepatatton or 
pervaporation. the membrane being comprised of polyimfde. 

14.1n the fwiocess disdlosed in Document D1. the coating solution penetrates 
into the pores of the membrane b^ by means of convection and- diffusfon 
mechanisms, thereby resulting in the crosslinWng of the polymers and/or 
oligcMners(ni the poattig sohrtfon) occurrir^g on both the surfaces of flie 
m^brane base and tfie pores vwtMn tl^ manbrane base to fomri ttie 
selective barrier coatirtg. 

1 5. On the other hand, as Tnehtfonefl In Statement i 1 above. In the prwMSS as 
defined by the ctefrns i^Hie Aippllcs^on, ttie dendrfrners r^art only wWi fte 
surface of the membrane. Oh^ an taslgnfflcant amount of the dendiimeiB 
may penetrate undenieathihe surface by diffusion. 

16. In my view, a person skilled in the art, In reading the disclosure of 
WO99/40996, will not be tnotivatfed to or be able to derive the present 
invention as defined by the claims of the AppllcajSon. i am also of the view 
that tfie tMms are not obvious to light of the disclosure of WC»9/4098^. 
Claims 1, 4, 5, 8 to 15, 1:7. 29 arid 30, . In their current ibmis. arB fterefore 
invehtlye over Document D1. 

AND 1 MAK£ this solemn dedjaration, conscientiously befleving the 
-statemenits contained in tfiis dedlairaiten to be tnie in every particular. 




Neal OHtiNG Vjal-Shuhg 
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